Trianni M.S., Tenorio M.C. 2012. Gross diet composition and trophic level estimation of the spotcheek emperor, Lethrinus rubrioperculatus (Actinopterygii: Perciformes: Lethrinidae), in the Commonwealth of the Northern Mariana Islands, Micronesia. Acta Ichthyol. Piscat. 42 (2): 89-99. Background. The spotcheek emperor, Lethrinus rubrioperculatus Sato 1978, is an important component of the mesophotoic coral reef community in the Indo-Pacific Region, where it is a target of commercial fisheries. A diet composition study was undertaken as part of a broader investigation towards elucidation of the biological characteristics of this species in the Commonwealth of the Northern Mariana Islands, Micronesia.. Materials and methods. A total of 395 spotcheek emperor stomachs were examined between September 2000 and February 2002 based on a commercial fishery and research cruises. Feeding activity was estimated using indices of vacuity and repletion, diet composition was defined using the Main Food Item (MFI) index, and trophic level was determined using Trophlab. All indices were calculated to observe for patterns demographically, seasonally, ontogenetically and by sex. Results. Total vacuity index (V I ) for fish was 45.8% while inclusion of bait in stomach (BIS) raised V I to 60.5%. The highest V I came from Farallon de Medinilla, with 63% and 73% including BIS. Lowest V I was at Marpi Reef, while Sonome Reef had the largest separation between V I and V I BIS. Repletion indices were greatest in Saipan and Tinian, lowest at Sonome Reef.
INTRODUCTION
The emperors of the family Lethrinidae comprise a wide range of benthic feeders in coral reef associated tropical and subtropical habitats (Carpenter and Allen 1989) . They are noted for their consumption of a variety of macroinvertebrates and nekton (Kulbicki et al. 2005, Froese and Pauly 2012) . Galbo et al. (2002) identified three trophic categories in the genus Lethrinus related to body form and dentition.
A common reef-associated fish of the mesophotic coral reef community in the Indo-Pacific Region, the spotcheek emperor, Lethrinus rubrioperculatus Sato 1978, is a pro-togynous hermaphrodite that exhibits a depth distribution from 12-160 m (Froese and Pauly 2012) . It represents a significant component of landings in many countries and island jurisdictions (Carpenter and Allen 1989, Dalzell et al. 1996) , where it is typically taken in depths from 30-100 m (Ebisawa 1997 , Hanoomanjee and Soondron 1999 , Trianni 2011 . The spotcheek emperor is a mesocarnivore stalker with a low body form and conical teeth that feeds on relatively high-speed prey such as fishes and crustaceans (Galbo et al. 2001) . It is often found in large schools and tends to favor hard bottoms under oceanic influences (Kulbicki et al. 2005 ) such as reef slopes and offshore banks and reefs (Ebisawa 1997 , Hanoomanjee and Soondron 1999 , Trianni 2011 .
The Commonwealth of the Northern Mariana Islands (CNMI) is a Commonwealth of the United States located in northern Micronesia and stretching from the island of Rota in the south to Uracas in the north, that together with the US Territory of Guam form the Mariana Island Archipelago. In the CNMI, the spotcheek emperor comprises a significant portion of coral reef fish landings from populated southern islands of the CNMI including Tinian and Saipan north to Sonome Reef, and is often presented at local cultural events such as fiestas and weddings. Due to its importance as both a food and cultural resource in the CNMI, the CNMI Division of Fish and Wildlife (DFW) commenced a multi-year study on the spotcheek emperor from 1999 through 2002, where data on spotcheek emperor diet composition were collected from a subset of the larger research project. This paper summarizes the findings of diet composition and estimates trophic level for the spotcheek emperor in the CNMI.
METHODS
The stomach contents of 395 spotcheek emperors landed between September 2000 and February 2002 were evaluated by staff from the CNMI DFW from five locations in the southern islands of the CNMI; Sonome Reef, Farallon de Medinilla (FDM), Marpi Reef, Saipan and Tinian (Fig. 1) . These study locations can be subdivided demographically between the populated southern islands of Saipan and Tinian (Anonymous 2011), and north of Saipan two reefs (Marpi and Sonome) and plus an unpopulated tiny island (FDM) that is surrounded by the largest bank in the Marianas Archipelago (Trianni 2011) . Typical anthropogenic influences are associated with Tinian and Saipan, including close access to fishing grounds, whereas FDM is used as a target area for US Department of Defense (DoD) training activities. Marpi receives more fishing pressure than FDM and Sonome Reef (CNMI Division of Fish and Wildlife unpublished).
Specimens were collected from the landings of commercial fishing vessels or DFW research cruises as part of a broader life history and evaluation program (Trianni 2011 ). Stomachs of fresh or thawed frozen fish were excised during life history processing, opened with scissors or dissection scalpels, and the wet contents removed by gentle scraping of interior stomach wall onto a glass petri dish.
Fish were measured to the nearest 0.1 cm fork length (FL), then converted to total length (TL) for analysis using a conversion factor from FishBase (Froese and Pauly 2012). Observation and differentiation of stomach contents followed the guidance of Hyslop (1980) . Stomach contents were observed under a dissecting showing the US Territory of Guam and the US Commonwealth of the Northern Mariana Islands microscope and diet items differentiated and identified into the lowest possible taxonomic level based upon specimen condition and identifying characteristics. Differentiated stomach contents were then weighed to the nearest 0.01 g using a top-loading weight scale. Items that were not identifiable were weighed and provided with a numerical count of '1'. Specimen parts were counted as individuals if it was possible to differentiate a particular part from a larger number of parts or an organism. If not, the entire collection of parts, for example fish bones or crustacean shells, was counted as a single organism. Feeding activity. The vacuity index was calculated as the percentage of empty stomachs, V I , as well as the percentage of empty stomachs plus stomachs with only bait, (BIS = bait in stomach). Two variations of the repletion index were also calculated: (Berg 1979) , R L = 100 × W s × TL -1 (Roux and Conand 2000) , where: R W = repletion by weight; R L = repletion by length; W s = weight of stomach contents [g]; W f = weight of fish [g]; TL = total length of fish [mm] .
Repletion and vacuity indices were evaluated by location, season, size range, and sex. Location consisted of the islands of Tinian, Saipan, Marpi Reef, FDM, and Sonome reefs. Season was divided into four quarters following the format developed by Kikkawa (unpublished * ) for the Mariana Islands: Q1-first quarter (January-March) dry conditions with steady northeasterly trade winds; Q2-second quarter (April-June) dry with relatively quiet winds; Q3-third quarter (July-September) winds remain light with higher probability of rainfall and increased chance of typhoon events; and Q4-fourth quarter (October-December) trade winds return with heavy rainfall and potential for severe storm activity. Four size ranges were chosen to evaluate potential ontogenetic shifts in diet: S = 17.0-21.9 cm TL, converted from FL using conversion factor from FishBase (Froese and Pauly 2011); M = 22.0-26.9 cm TL; L = 27.0-31.9 cm TL; and XL > 32.0 cm TL. Sex was determined by macroscopic evaluation of gonads with undetermined individuals deleted from analysis.
Diet. Diet was evaluated by summarizing calculating three indices: Percent numerical abundance: N i = 100 × n i × N p -1 , where: n i = number of individuals of item i; N p = total number of prey. Percent total weight: W i = 100 × w i × W p -1 , where: w i = weight of item i; W p = total weight of prey. Percent frequency occurrence; F i = 100 × S i × n n -1 , where: S i = number of stomachs containing item i; n n = number of non empty stomachs examined.
These indices were then used to determine the Main Food Item index (MFI) (Zander 1982) :
The MFI was evaluated by season, location, size range and sex. Each prey item was then expressed as the cumulated ratio of the total MFI, and graphically evaluated using the following classification: Main prey MFI ≤ 50%, secondary prey 50% < MFI < 75% accessory prey MFI > 75%. Instances where an item was identified but not weighed due to extent of digestion were excluded from repletion and MFI analysis. For three fish sex was not determinable.
Trophic level. The trophic level of the spotcheek emperor was determined from diet composition using the program Trophlab, developed by and available for download on FishBase (Froese and Pauly 2012). Trophlab estimates the trophic level (TROPH) with standard error (SE) of a fish by consideration of diet composition and the TROPH of prey items, using the fraction of prey items, by volume or weight, in a predator's diet plus one . Trophlab provides three degrees of prey taxonomic resolution and identification of a prey life history stage. Trophlab expresses TROPH as:
where DC ij is the fraction of prey j in the diet of consumer i, TROPH j is the trophic level of j, while G is the number of prey categories. TROPH values range from 2.0 for herbivores/detritivores, to 5.0 for piscivorous/carnivorous animals, although 5.0 is rare for even large fish such as sharks (Pauly et al. 1998 , Cortés 1999 . TROPH values were determined by location, season, size, and sex.
RESULTS
A total of 395 spotcheek emperor stomachs were evaluated during the sample period. About 6% of the dietary items assessed, by weight, were not identifiable to a taxonomic group.
Feeding activity. Summary statistics for spotcheek emperor prey categories are listed in Table 1 . A total of 224 prey items were enumerated, with fish being dominant by the percentage of weight (74%) and the frequency of occurrence (31.4%). The majority of the identifiable fish were muranids, while the overall composition of prey indicated a variety of feeding activity comprised of both sedentary and roaming nekton and zoobenthos. The total V I for the spotcheek emperor was 45.8% while inclusion of BIS raised vacuity to 60.5%. One fish had swallowed the bait and fish hook.
By location, the highest V I came from FDM, with 63.2% (73.5% including BIS) ( Table 2 ). The lowest V I was from Marpi Reef, 20% (33.3% with BIS), which also had the smallest number of stomachs sampled. Sonome Reef had a V I of 28.3% (68.3% with BIS), the largest discrepancy between V I and V I BIS. Saipan and Tinian had similar indices of vacuity with 45.4% (57.2% with BIS) and 49% (56% with BIS). Location dependent repletion rates were highest in Saipan and Tinian by both length and weight, lowest at Sonome Reef and Marpi Reef, and median at FDM (Table 3 ). The largest spotcheek emperors examined were from FDM, Sonome Reef and Marpi
Reef, all north of Saipan, which along with Tinian had distinctly smaller mean sizes, but equitable length ranges in comparison to the other three locations. For season the first quarter (Q1) had the highest V I (46.6%, 65.7% with BIS) and the lowest repletion rates (Table 3 ). Whereas repletion generally increased from the first to fourth quarter, V I did not reveal any pattern, although with the inclusion of BIS the first two quarters vacuity were greater than the last two. Average size of examined fish was lowest in the first and fourth quarters.
Vacuity was highest in the smallest size group at 65.4% (69.2% with BIS), and did not vary much between the other size classes although when BIS was added the largest size class increased from a V I of 46.5% to 65.1% V I BIS (Table 4 ). Repletion decreased with size class as the smallest size class uniquely displayed repletion by weight greater than repletion by length. The largest size class had repletion by length less than half, and repletion by weight less than four times that of the smallest size class.
Females had slightly higher repletion values than males, and greater vacuity, 47.6% (62.6% with BIS) to 39.8% (54.3 % with BIS) ( Table 5) .
Diet evaluation. The results of MFI calculation are shown in Figs. 2-5. Fish were the primary prey item at all locations. Crustaceans were secondary prey items at Marpi Reef and to a lesser extent at Sonome Reef. Mollusks were secondary prey items at Saipan and FDM, and crustaceans were the only accessory prey item at FDM. Saipan and Tinian each showed the presence of five prey categories evaluated, most notably the presence of annelids, which were absent from the other locations (Fig. 2) . Fish became a larger part of diet over the course of a year, becoming a dominant prey item during period Q3 (July-September) increasing in dominance during period Q4 (October-December) resulting in over 90% MFI for fish ( Fig. 3) . Mollusks were secondary prey items during the first two periods. The smallest size group (small, S) (Fig. 4,) presented over 90% MFI for fish (77% of fish from Saipan and Tinian), with the largest size group (XL) recording the lowest MFI for fish (77% of fish from north of Saipan). Mollusks were secondary prey items for size group M and L, where fish did not exceed 75% MFI. Males recorded a fish MFI value over 75%, and females a value over 71% with mollusks as a secondary prey item (Fig. 5) .
Trophic level. The overall TROPH for the spotcheek emperor was estimated at 4.23 with a standard error (SE) of 0.73. The largest TROPH (± standard error) level was recorded at 4.46 ± 0.79 from size class S (16-20 cm TL), and the lowest was 3.96 ± 0.70 from Marpi Reef.
DISCUSSION
Vacuity plus BIS values mostly mirrored vacuity values with the exception being at Sonome Reef, where the addition of BIS made a considerable difference. Sonome Reef was the only location, season, or size range where BIS exceeded V I (Table 2) . Coupled with the lowest demographic repletion indices, it would appear that there might be increased competition for prey at Sonome Reef. It is the location furthest from the population center of Saipan, and therefore receives the lowest level of anthropomorphic influence, in the form of fishing pressure. A similar situation may be suggested for FDM which had the highest V I and V I BIS values, given its distance from Saipan and its relative isolation due to U.S. DoD training activities that limit fishing access, although repletion rates were third to Tinian and Saipan (Table 2) . Both Saipan and Tinian had lower V I plus V I BIS values, in comparison to Sonome Reef and FDM, as well as the highest repletion rates, indicating differential feeding between the populated and most isolated areas that may be tied to density dependent factors including growth rate, which was found to differ between these two demographic areas (Trianni 2011) . Marpi Reef had the lowest V I and V I BIS values and second lowest repletion rate values, but also small sample sizes which may have resulted in an incomplete portrait of diet. There were some differences in demographic MFI values, as all five food groups were only identified in Saipan and Tinian, with the Tinian prey composition strongly favoring fish. There have been numerous studies regarding the impacts of fishing pressure on marine ecosystem food webs , Polovina et al. 2009 , Madin et al. 2010 , and further research into vacuity and diet between areas of human population with easy access to fishing grounds, in comparison to areas further distant, may provide elucidation regarding observed patterns in the spotcheek emperor. Repletion rates increased during the year, being the greatest in the last period, and the reliance on fish as a primary food source increased considerably (Table 3 ; Fig. 3 ). Both of these trends were influenced by the samples for that period having been obtained from Tinian, which comprised the fish of season Q4. One sample during season Q3 was obtained from Marpi Reef, but this sample was unlikely to have a strong influence on seasonal prey composition due to the small sample size. Both samples from FDM were obtained in a single season (Q2). A more accurate analysis of seasonal influences would require sampling from each location during each season with similar sample sizes. The difficulty of achieving equitable samples results from the seasonal challenges in accessing Sonome Reef, FDM and even Marpi Reef due to the increased threat of typhoons during season Q4, as well as the rough condi- Values are mean ± standard error (where applicable); Q1 = first quarter; Q2 = second quarter; Q3 = third quarter; Q4 = fourth quarter length unit: cm; weight unit: g; TL = total length. tions that arise from the trade wind season, Q1. Therefore results obtained here suggest, but are inconclusive, regarding a seasonal component to prey selection. The vacuity rate and repletion values were highest in the smallest size class, which uniquely yielded repletion weight values greater than those for length. The high MFI value for fish in the smallest size class may be influential in the repletion weight value as the digestibility of fish may be lower than mollusks or crustaceans. Ontogenetic diet shifts have been observed in a variety of marine fish species (Karpouzi and Stergiou 2003) . Kulbicki et al. 2005 found that the diversity of prey items for the spotcheek emperor were relatively equitable over size, although the main prey item, crustaceans, tended to decrease with size while the presence of fish in the diet tended to increase with size. It appears that there is an ontogenetic diet shift for prey selection in the spotcheek emperor in the CNMI as fish MFI tended to decrease with size as mollusks and crustaceans increased in importance, and repletion rates became very low. These results suggest a shift towards a more generalist feeding strategy in the spotcheek emperor in the CNMI as it approaches its asymptotic size.
The spotcheek emperor is a shoaling species (Ebisawa 1997) . The cost/benefits of shoaling are complex, and there exists evidence that shoal size increases with body length, although it is not clear if this is a result of active choice or other factors (Hoare et al. 2000) . Recent theory suggests that as predation pressure increases, the size of non-patchy feeding shoals will also increase, as a defensive response (Mayer 2010) , perhaps increasing the competition for food resources. The smallest size classes were dominated by fish from Saipan and Tinian (S = 77%; M = 86%), which implies possible demographic differences in prey availability or in predation pressure. It has been noted that areas around populated islands in the CNMI are typically subjected to greater fishing pressure (Richards et al. 2012) , and changes in community structure with indirect effects in demographic structure have been observed in coral reef systems (Dulvy et al. 2004 , Ruttenberg et al. 2011 shoals and a greater opportunity to feed, resulting in higher repletion rates, as observed for Saipan and Tinian. There were differences in vacuity indices, MFI, and repletion rates between males and females, with vacuity showing the largest difference, while repletion rates and MFI appearing to be insignificant ( Fig. 5 ; Table 5 ). While ontogenetic diet shifts in hermaphroditic species have been observed in a variety of habitats (Mullaney 1994 , Morato et al. 2000 , Kallianiotis et al. 2005 , Kulbicki et al. 2005 , Osman and Mahmoud 2009 it would appear that more work is needed with respect to diet changes when fish are approaching size at maturity in the initial phase and size at transition to the terminal phase.
FishBase (Froese and Pauly 2012) provides a TROPH of 3.6 for the spotcheek emperor based on the work of Kulbicki et al. (2005) , which is lower than the overall value of 4.23 obtained during the presently reported study. The primary difference between the two TROPH estimates is the dominance of fish in the CNMI spotcheek diet. Although Kulbicki et al. (2005) reported crustaceans as having a much greater importance in spotcheek diet in New Caledonia, they did note that the spotcheek consumed more fish than other lethrinids. The overall CNMI spotcheek emperor TROPH value approached 4.5, a value considered to be indicative of a pure piscivore (Pauly et al. 1998 , Cortés 1999 . The difference between TROPH values from the CNMI and New Caledonia suggests further consideration of TROPH for this species from other locations in the Indo-Pacific, although the range between estimates would certainly fit the description of a mesocarnivore stalker that feeds on relatively high-speed prey such as fishes and crustaceans (Carpenter 1996) .
Future work on the diet and trophic position of the spotcheek emperor in the Mariana Archipelago should focus on obtaining equivalent samples from locations, seasons, size ranges and sexes, which would allow for more formal testing of observations documented here. Ideally, the study area would be expanded to the Territory of Guam and its associated reefs as fisheries management regulatory mechanisms, and human demographics differ substantially from the CNMI. Stergiou and Karpouzi (2001) provided several recommendations to guide future stomach content studies, and having a protocol to follow as such will improve comparability between studies, especially for species whose distributions span oceanic basins like the spotcheek emperor. Values are mean ± standard error (where applicable); length unit: cm; weight unit: g; TL = total length.
